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ABSTRACT 


The pineal organ is well-developed in common carp (Cyprinus carpio) at the adult 
stage, but in silver carp (Hypophthalmichthys molitrix) it is still underdeveloped even at 
age four. The pineal organ of these two locally produced carps is developed as an evagi- 
nation from the anterior wall of the velum transversum and located between the posterior 
poles of cerebral hemispheres and the optic lobes. It grows with age, and the final 
appearance of this organ in mature common carp shows complicated and tree-like glan- 
dular structure with numerous anastomosing pineal tubules. These tubules are formed by 
a single layer of columnar ependymal cells which have conspicuous large and oval nucleus, 
of which both the nucleolus and irregular clumps of chromatic materials can be easily 
observed. Cytoplasm of these cells is of homogeneous in appearance, filled with a great 
amount of thread-like substances. Two types of scattered pigmented-cells can be found 
within the space of pineal tubule, and they are connected by the threads of the sticky coagu- 
lable fluid in the tubule. Venous sinusoids, formed entirely by a thin layer of endothelium, 
are occasionally found in the tubule. No arterioles can be seen, and this strongly indicates 


that the supply of blood to this organ is completely from venous system. 


The silver carp is one of the most 
important cultured fishes in Taiwan. 
Because this locally produced carp does 
not spawn in the cultured fish pond, many 
fish culturists have tried to induce 
spawning with hormone injection kut so 
far without any satisfactory result. It has 
been found that the pattern of sexual 
. maturation of the silver carp is compli- 
cate”. As the hypophyseal function of this 
fish has been studied to be normal’, and 
many previous investigators have already 
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indicated that the development of this 
organ coincides with the development of 
gonad’, it is, therefore, worthwhile to know 
the condition of the pineal organ of this 
fish. The common carp can naturally spawn 
in fish pond, so that its pineal organ is 
also studied for comparison. The present 
investigation deals with the differences 
between the pineal organs of these two 
species of carps with respects to the 
original development, morphological appe- 
arance as well as histological structure. 


MATERIALS AND METHODS 


Al the silver carps used in this 
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investigation were caught in the fish 
culture pond of National Taiwan Univer- 
sity and the common carps were bought 
from the fish market. These two species 
were subdivided into three different 
categories: the immature group of one 
year old, mature group of 2 and 3 years 
old and the fully mature group of the 
age over 4, respectively. Two males and 
two females in each category were 
dissected bimonthly. The pineal organ, 
especially of the immature group, is too 
small to be seen clearly, therefore the 
whole brain must be removed. All the 
brains were immediately fixed in Zenker’s 
solution after its removal. Sagittal and 
serial section of each pineal organ were 
made by paraffin method at A microns in 
thickness, and counter stained in Mallory’s 
triple stain and haematoxylin-eosin. ‘Three 
methods were adopted to study the matu- 
rity of the fishes namely: 1) by gross 
observation on the condition of gonad, 2) 
by comparing the index of maturation 
(gonad weight/body weight and gonad 
weight/standard length), and 3) by study- 
ing the size composition of the ovarian 
eggs. i 


OBSERVATIONS 


General Morphology 

The pineal organs of these two species 
of carps lie in the median line on the 
dorsal surface of brain between cerebral 
hemispheres and optic lobes. The general 
feature of this organ in common carp 
shows almost spherical in appearance (Fig. 
1), larger in the mature group with an 
average diameter of 3-4 mm and smaller 
in both fully mature and immature groups 
with an average diameter of 2-3 and 1-3 
mm respectively. The surface of the whole 
organ is covered by a thin layer of 
connective tissue which continues with 
the meninges of the brain. As for the 


silver carp, it is very underdeveloped even 
at age four (Fig. 2.) which can be observed 
only under a microscope. Its appearance 
composes of a single layer of columnar 
cells and an inner undifferentiated mass. 
The whole structure has the measurement 
of 3 mm in length and less than 0.5 mm in 
width as shown in Fig. 2. 
Development 

The development of this organ in both 
of these two species is originated from 
the evagination of the anterior wall of 
velum transversum. This Origin is quite 
similar to that of reptilian and amphib- 
¡an3»1, 89. From all the examined specimens, it 
can be clearly observed that on the surface 
of the velum transversum, there are two 
layers of cells, the outer one of which 
is composed completely of a single layer 
of columnar cells which will later become 
the columnar ependymal cells of the 
pineal organ to form the pineal tubules 
when they migrate anteriorly (Fig. 3 & 4.). 
The inner layer is composed of many 
oval-shaped cells which will later beccme 
the scattered pigmented-cells as well as 


‘ the venous sinusoids within the space of the 


pineal tubules. The columnar cells of the 
outer layer of velum transversum separete 
gradually from the velum transversum 
when they migrate forward at the early 
stage of the formation of this organ to 
form a structure so simple that it is 
composed of a single layer of these cells. 
Then this simple structure grows by the 
way of folding and refolding to form the 
tree-like pineal tubules. This results in 
the increase of its size and eventually 
becomes a highly complicated and vascular 
structure with numerous fine pineal 
tubules. The columnar cells of the pineal 
tubules are velum transversum in origin 
but a little larger in size than those ori- 
ginally located ones. 

The serial sections of this organ show 
that the scattered pigmented-cells within 
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the tubules are the immigrants of the 
inner layer of velum transversum. At the 
beginning of the formation of this organ, 
when the columnar cells migrate anteriorly 
to form the tubules, the oval-shaped cells 
of the inner layer also moved anteriorly 
following the columnar cells as shown in 
Fig. 3 & 4. When this organ grows to 
maturity, these oval-shaped cells are 
situated everywhere in the space of the 
tubules. 

The development of the pineal organ 
in these two species is quite different. In 
silver carp, it appears at the young stage 
forming a very simple stucture composed of 
only one single layer of columnar cells and 
no further development takes place even 
over age 4. Gonads of all these sectioned 
silver carps had been used for the study of 
sexual maturation and the result showed 
that they were all immature. The pineal 
organ of common carp, on the other hand, 
was found highly differentiated at the 
adult stage. It never showed any sign of 
degeneration. In the sections of the pineal 
organ of a 3 years old fish, it had already 
developed into a fully mature and highly 
complicated vascular organ. All of these 
sectioned carps were found to reach the 
sexual maturity. 


HISTOLOGY 


The histological study of the pineal 
organ has dealt only with the common carp 
because only this species of carp used 
in the present investigation has a mature 
and well-developed organ. Four types of 
cells were found in the structure of a 
fully mature pineal organ. They were: (1) 
columnar cells, (2) scattered pigmented 


cells, (3) endothelial cells of the venous- 


sinuscids and (4) red blood cells. 

The venous sinusoids are made up 
entirely of a thin layer of endothelium. 
The endothelial cells are flattened and 
form the venous sinusoids with various 


size depending upon the number of these 
endothelial cells. Among them some 
permitted only a single red blood cell to 
pass through (Fig. 5.) but some possessed 
a comparatively larger lumen. No connec- 
tive tissue and smooth muscle.cell can be 
found outside the venous sinusoids. These 
venous sinusoids were located almost in 
each pineal tubule and they communicated 
with each other at the open end of the 
Pineal tubules. 

The columnar cells are the most 
important cells which render this organ 
to be a branched and rebranched structure. 
All the clear open spaces of the pineal 
tubules are completely bound by them. 
These columnar cells, termed by many 
previous investigators as ependymal 
cells?4» #10, are nearly 20 microns in length 
and about twice of its width. It can be 
obviously seen that a large oval nucleus, 
about 6-8 microns in diameter, is situated 
at the center of the cell. The nuclear 
membrane, with deep brown stain, is 
rather prominent. The thread-like chrom- 
atic materials are irregularly clumped 
throughout the whole nucleoplasm but 
are present a little more densely along 
the margin of the nuclear membrane. The 
round-shaped nucleolus is usually present, 
sometimes at the center but occasionally 
at the margin of the nucleus. Mitochondria 
which are filament-like threads and visible 
under a dimly lighted condition, were 
usually concentrated near the inner margin 
of cell membrane. Cytoplasm of these 
ependymal cells appeared homogeneous and 
no other particulate ‘cellular structure 
found under a light microscope. No 
intercellular space between any two 
adjacent ependymal cells was present but 
the space between the outer surface of 
two neighbouring tubules had a narrow 
canal. This canal was filled with connec- 
tive tissue and empty vacuoles. (Fig. 5.). 
These highly developed and complicated 
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vascular tubules of the pineal structure 
strongly indicate that the pineal organ 
is a glandular structure and its secre- 
tions from the ependymal cells are 
absorbed by the venous sinusoids and 
translocated. 

The internal space of the pineal tubule 
was filled with the albuminous and 
transparent coagulable fluid. Two types of 
pigmented cells were found scattered 
around there (Fig. 8.) These pigmented- 
cells were connected by the threads of the 
above mentioned sticky fluid (Fig. 7.). 
The first type of these cells was compara- 
tively large and spherical-shaped, about 
8 microns in diameter, a little larger than 
the nucleus of the ependymal cell. The 
cytoplasm stained with orange G appeared 
rather homogeneous, only small pigmented- 
dots were found there. The nucleus, 
oval-shaped and pale brown in color, 
located mostly at the margin of the 
cytoplasm, was seldom found in the center 
of the cell. Chromatic material and 
nucleolus were not clearly visible. The 
other type of the scattered pigmented 
cells was very small in size, nearly the 
same size of the nucleus of former type. 
Cell membrane was not distinguishable 
from cytoplasm. The nucleus deeply 
stained appeared dark brown and usually 
pigmented. Probably it is the immature 
cell of the former type because occasion- 
ally another transitional type of 
pigmented-cell having a median size and 
color staining character between the above 
mentioned two was found. 


DISCUSSION 


Many investigators described that a 
large vesicle was present in the center of 
the pineal organ in Lacertilia! and that 
two vesicles, a dorsal large optic vesicle 
and a ventral small astrium, in Geotria 
australis? However, no vesicle has been 
found in fishes of the present investigation. 


No retina can be seen, and the whole pineal 
organ has never shown any resemblance 
to an“eye” which had been reported in 
cyclostomes and amphibians! € *, 
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Fig. 1. A well-developed pineal organ of a mature Common carp, 4 years old. x100. 

Fig. 2. A pineal organ of.a Silver carp, 4 years old, x109. 

Fig. 3. Showing two layers of cells, the outer columnar esendymal cells and the inner oval- 
shaped cells, attached at the mid-dorsal surface of the velum transversum. x1940, 

Fig. 4. Showing the columnar ependymal cells separated gradually fram the velum transver- 
sum. x1940. | 

Fig. 5. Showing the smaller venous sinusoids in the space of pineal tubule and the connective 
tissue with empty vacuoles between the walls of pineal tubules. x 1940. 

Fig. 6. Showing the comparatively large venous sinusgid in the space of pineal tubule. X1940. 

Fig. 7. Showing the threads of the coagulable fluid in the space of pineal tubule. x1940. 

Fig. 8. Showing two types of scattered pigmented cells in the space of pineal tubule. X1940, 
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